In clinical trials over the past decade, the beneficial effect of orally administered collagen peptides in osteoarthritic dogs has been clearly demonstrated [1] [2] [3] . Although a statistically significant improvement in the lameness and vitality of dogs in general has been documented, the mode of action of the collagen peptide treatment is still under discussion. A previous study [3] indicated that the reduction in lameness and increased mobility in dogs after collagen peptide treatment were associated with a statistically significantly lowered plasma content of MMP-3, which is involved in collagen degradation. In addition, the content of the MMP-antagonist TIMP-1 increased slightly after collagen peptide supplementation, suggesting a direct impact on the cartilage metabolism, particularly on the decrease of extracellular matrix degradation. Based on these findings, the impact of specific collagen peptides (PETA-GILE ® ) on cartilage metabolism was tested in canine chondrocytes in the current investigation. In addition to the biosynthesis of various matrix molecules (type II collagen, aggrecan and elastin), the RNA profile of inflammatory cytokines and degenerative matrix molecules was investigated. The results showed clearly that the supplementation of specific collagen peptides reduced catabolic processes, as indicated by a statistically significant decrease in inflammatory cytokines and proteases in canine chondrocytes compared with untreated control experiments. In addition, a statistically significantly enhanced biosynthesis of type II collagen, elastin, and aggrecan was observed. Hence, the current data supports the suggested anti-inflammatory effect of specific collagen peptides, but also clearly demonstrates a pronounced stimulatory impact on matrix molecule synthesis. A combination of both observed effects might help to explain the previously reported clinical improvements after collagen peptide supplementation. Furthermore, the beneficial effect of 
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Introduction
Osteoarthritis is a common degenerative joint disease in pets and humans. Dogs are mainly affected as a consequence of dysfunctions of the ankles and breeding-related ankle anomalies, as in German shepherd dogs [4] . [7] , which also implies a reduction in the quality of life for the dogs' owners.
An improvement in animals' health conditions is, therefore, of widespread interest for pet owners. Current treatments tend to focus on osteoarthritic symptoms that alleviate inflammation and reduce pain by the use of Non-Steroidal Anti-Inflammatory Drugs (NSAIDS), but pay no attention to the actual cause [8] . In recent years, various so-called chondroprotective drugs for dogs and humans have appeared on the market. These nutraceuticals claim to provide a cartilage-protecting quality and anti-inflammatory characteristics. Although the efficacy of the chondroprotectives is still under discussion, they are promoted as safe and effective components for managing canine osteoarthritis without ap- investigation, the annealing temperature (Tm ˚C) was optimized in a twelve-step gradient PCR amplification ranging from 50˚C to 70˚C. PCR products were electrophoretically separated on a 2% agarose gel (3 g agarose diluted in 150 mL buffer of 0.05 M EDTA, 40 mM Tris, 57.1 mL acetic acid) stained with 10 µL GelRed (41003, BIOTREND Chemikalien GmbH, Cologne, Germany). Amplificated PCR products were analyzed in an Alpha Innotech Fluorchem Imager (Bio-Rad Laboratories GmbH, Munich, Germany). The PCR products were specified by a 50 bp-DNA-Fluoro-Ladder (8263.1, Carl Roth GmbH, Karlsruhe, Germany).
In the case of the biosynthesis of the main extracellular matrix molecules, commercial assay kits were used. For the collagen type II metabolism investigations, the amount of newly generated collagen was determined after three weeks of stimulation. Synthesized collagen was isolated by the Sircol assay (tebu-bio, Offenbach, Germany) in accordance with the manufacturer's instructions. In brief, the culture medium was discarded and adherent cell layers were digested in 0.1 mg pepsin solution in 0.5 M acetic acid at 4˚C overnight. Cell suspensions were neutralized by the addition of 100 µl acid neutral reagent, and synthesized collagen was subsequently separated by the supplementation of 200 µl isolation & concentration kit solution and vigorous agitation at 4˚C overnight. After centrifugation (12,000 rpm, 10') and discarding of the supernatants, isolated collagen was re-suspended in 1 ml Sircol dye reagent. After 30 min of agitation and further centrifugation, the collagen pellet was overloaded with 750 µl of cold acid-solid wash reagent. After centrifugation, the supernatant was again discarded and the enriched collagen was resolved in 250 µl of alkali solution. 200 µl of these sample solutions were taken for photometrical quantification of the synthesized collagen. The extinction was measured at 492 nm. The amount was determined on the basis of standard measured collagen solutions.
The Blyscan glycosaminoglycan assay (tebu-bio, Offenbach, Germany) was used for the detection of aggrecan. The biosynthesis of proteoglycans was determined after a two-week stimulation. In accordance with the manufacturer's instructions, the cell layers were overloaded with 1 ml papain extraction solution after the cell culture medium was discarded and incubated for 3 h at 65˚C with vigorous agitation. The cell suspensions were centrifuged (10,000 g, 10') and the supernatants were collected. After the addition of 1 ml Blyscan dye solution and agitation (30'), the supernatants were again centrifuged (12,000 rpm, 10') and discarded. Isolated proteoglycan pellets were re-suspended in 500 µl dissociation solution. 200 µl per sample was determined photometrically at 656 nm in comparison to untreated control experiments.
The synthesis of elastin was determined by the Fastin elastin assay kit (tebu-bio, Offenbach, Germany). Chondrocytes were stimulated for 2 weeks with the specific collagen peptides or left untreated as a control experiment. After discarding the culture medium, the cell monolayers were solubilized with 250 µl trypsin. Trypsin solution was removed after centrifugation (3000 rpm, 10'). Cell pellets were resolved in 100 µl oxalate acid solution (1 M) and boiled for 1 h in a water bath. After cooling, 300 µl elastin precipitation solvent was added to precipitate dissolved elastin within 15 minutes. After centrifugation (10'), the supernatant was discarded and the elastin pellet was resolved in 1 ml dye solution by 90 minutes' agitation. After a repeated centrifugation and discarding of the supernatant the elastin pellet was re-suspended in 260 µl dye dissociation solution. 200 µl of the resolvents were used for photometrical elastin measurement at a wave length of 492 nm.
In Vivo Examination
The pre-clinical findings on primary canine chondrocytes were validated on a small number of selected osteoarthritic dogs (n = 22). In these case reports, the efficacy of the specific collagen peptides was evaluated under in vivo conditions.
All the dogs in our current research had a treatment-resistant history. All previously performed treatment options had failed. The observational treatments conducted on these animals in our investigation were performed in accordance with guidelines for the care and use of laboratory animals [17] as well as the nutritional assessment guidelines for dogs and cats [18] , and with the full consent of the pet owners.
An opportunity to use blood samples arose in three of the case subjects. These blood samples remained after routine blood tests in the veterinary practices and could be analyzed for potential biomarkers of cartilage metabolism. Commercial canine-specific ELISA kits were used for the cartilage biomarker analysis: In plasma samples, ELISA's for procollagen type II (CP II, 60-1003-001) and aggrecan chondroitin sulfate (CS846, 60-1004) from Ibex Pharmaceuticals, Montreal, Canada, and for the detection of hyaluronic acid (HA, MBS737480), cartilage oligomeric matrix protein (COMP, MBS012790), matrix metalloprotease-3 (MMP-3, MBS703093), and tissue inhibitor of metalloproteases-1 (TIMP-1, MBS006398), ELISA's were provided by My Biosource, Eching, Germany. All investigations were performed according to the manufacturers' instructions.
The specific collagen peptides used in the current research are commercially The dogs received 5 g of the specific collagen peptides with their regular pet food once a day for a period of 12 weeks. Their usual veterinarians accompanied the course of treatment and provided information on the medical history of the animals by means of an orthopedic examination. The degree of osteoarthritis was assigned a lameness score on a 5-point scale from 0 = no lameness to 4 = high degree of lameness with relieving posture of the affected limb ( Table 2) . Lameness-related parameters, "pain at activity", "joint swelling", "instability" and "restriction of mobility" were evaluated on a 4-point scale from 0 = without symptoms, 1 = low, 2 = moderate and 3 = severe symptoms. The validation of "pain at activity" was based on the characterization of step-wise abnormal behavior of the dogs in the palpation inspection. A low degree of pain at activity was characterized by licking flews, twitching the ears, looking in the direction of pain, and increased panting. A moderate degree was defined by anxiousness, loud panting, straining in the muscles of the OA affected limb, turning around to the painful ankle, and limping. A severe degree of pain at activity was determined if the dog was trembling and the whole skeletal musculature was strained. Also if the dog barked, whimpered, growled, or snapped. Joint swelling was characterized by an increased amount of synovia fluid, which led to a graduated extension of the ankle volume.
Instability of the affected ankles was classified by the so-called drawer test. Finally, with regard to the restriction of mobility, the maximum deflection possibility of the affected ankles was determined. The instability of the ankles and movement restriction was graded according to the expertise of the attending veterinarians.
The pet owners were asked to evaluate changes in the dogs' behavior regarding their everyday routine, such as "discomfort when climbing stairs" or "problems when standing up", and of their "vitality" in general. These parameters were evaluated on a 6-point scale with 1 = near complete immobilization (90%) to 6 = no pain or restriction in mobility. In addition, "tenderness on palpation", which often occurs when combing, for example, is common in dogs suffering from backbone pain. Changes in this pain were evaluated in 3-categories because of the smooth transition between the degree of pain levels. It was classified as 1 = 
Statistical Analysis
Statistically significant differences in the RNA expression of cartilage matrix molecules, inflammatory cytokines, and matrix metalloproteases were analyzed by the One-Student's T-test in comparison to untreated control cells. For a p-value < 0.05, the difference was accepted as statistically significant. Statistically significant changes in the degree of lameness in the case subjects were calculated with an analysis of variances with repeated measurement. For a p-value < 0.05, the difference was accepted as statistically significant. Improvements in the dogs' vitality were also calculated with a repeated measurement ANOVA. P-values < 0.05 were accepted as statistically significant. Changes concerning everyday routine or contact pain were calculated with the Wilcoxon signed-rank test in comparison to the baseline situation. For a p-value < 0.05, the difference was accepted as statistically significant.
Alterations in the biomarkers' plasma content and in the physiological, osteoarthritic-related parameters of the case subjects were statistically validated by sign-tests in comparison with the baseline situation. For completeness of the results, this data is listed in a table format.
Results and Discussion

Mechanism of Action of Specific Collagen Peptides
A clearly increased RNA expression (p < 0.05) of the main extracellular cartilage matrix molecules (type II collagen, aggrecan, elastin) compared to the control cells was induced (Table 3) after the PETAGILE treatment of canine chondrocytes. The positive impact of the specific collagen peptides on cartilage metabolism was also demonstrated by an increased accumulation of new synthesized collagen type II (7.5%), aggrecan (5.5%) and elastin (6.3%) at the end of the stimulation period of 2 -3 weeks.
Moreover, the statistically significant (p < 0.05) down regulation of inflamematory cytokines and of degenerative matrix metalloproteases (Table 3) indicated that the metabolic processes of the chondrocytes are directly influenced by Table 3 . Gene expression profile in canine chondrocytes by specific collagen peptides supplementation. An increment of the biosynthesis of ECM-molecules is shown in relation to the baseline situation (+ %). (n = 46, x-fold of control, Student's T-test, p < 0.05 statistically significant, Coll. Type II = collagen type II, TNFα = tumor necrosis factor α, IL = interleukin, MMP = matrix metalloprotease, ADAMTS = a disintegrin and metalloprotease with thrombospondin-1-like domains). the specific collagen peptides.
Efficacy of Specific Collagen Peptides in Osteoarthritic Dogs
In the current investigation, the beneficial effect of PETAGILE on joint cartilage was validated in a small number of osteoarthritic dogs that had previously not reacted to osteoarthritic treatments. The supplementation of 5 g of PETAGILE per day to the regular diet resulted in a statistically significant (p < 0.001) reduction in lameness compared to the situation at the beginning of the treatment (Figure 1 ). Only minor symptoms were described by the attending veterinarians after the 12-week treatment period.
The veterinary findings were confirmed by a continuous increase in the vitality of the animals (p < 0.001) as observed by the dogs' owners ( Figure 1 ). The positive influence of the specific collagen peptides was supported by a high effect size level for both assessments (η 2 > 0.5).
Pet owners also reported on improvements in their dogs' daily routines. After weeks of treatment (p = 0.006). All the dogs were crossbreed, older (8, 9 and 11 years) and a relieving posture in one or both front limbs was diagnosed during the orthopedic examination. Moreover, the dogs were characterized on a 5-point scale of the body conditioning score (BCS). As osteoarthritis is often associated with overweight [18] [19] , the body weight of the animals was also checked. Two female dogs were slightly overweight with 10% above the ideal body weight, while the one male dog had a normal BCS (Table 4) .
The blood-sample analyses revealed a positive impact on the cartilage matrix molecule synthesis after supplementation with the specific collagen peptides (Table 5 ). The amount of the metabolic biomarkers CP-II, CS846, HA, and processes were also positively influenced by the specific collagen peptides. The MMP-3 plasma content decreased at the end of the treatment whereas the amount of its antagonist, TIMP-1, increased. A statistically significant difference (p < 0.001) was determined for alterations in all the osteoarthritis-related biomarkers tested in comparison with the baseline situation.
The modified plasma levels of MMP-3 and TIMP-1 in particular confirmed the findings described by Weide [3] for collagen peptide treatment in osteoarthritic dogs.
Our findings suggest that the efficacy of specific collagen peptides for the treatment of osteoarthritis is not only based on its anti-degenerative and anti-inflammatory potential, but instead, seems to be primarily a consequence of its positive impact on the metabolism of extracellular cartilage matrix molecules.
This could be demonstrated for the first time, to the best of our knowledge, for the same specific collagen peptides on primary canine chondrocytes and under in-vivo conditions. The correlation with the results of the cell-culture experiments and of the treatment success in osteoarthritic dogs clearly demonstrate the effectiveness of the specific collagen peptides, PETAGILE, in the current research.
The stimulation of the chondrocyte matrix metabolism and reduced lameness with a resulting increased vitality in osteoarthritic dogs are accompanied by an appropriate blood plasma profile of biomarkers, which directly corresponded with metabolic processes in cartilage tissue. That biomarkers such as hyaluronic acid (HA) correlate very well with an osteoarthritic disease pattern in dogs was already described by Plickert in 2011 [20] .
Our experimental set-up for the treatment of osteoarthritic dogs further indicated that PETAGILE is an optimized mixture of specific collagen peptides for the treatment of pets. In recent trials on osteoarthritic dogs of similar age and body weight, a daily dosage of 10 or 20 g of collagen peptides were required to achieve a positive impact in osteoarthritis treatment [1] [2] [3] . In our current research, the dosage of specific collagen peptides could be reduced to 5 g per day to achieve an osteoarthritic treatment success.
The current investigation clearly demonstrated the effectiveness of specific collagen peptides that focus mainly on the regeneration of the extracellular cartilage matrix. Our data suggests that inflammatory and degenerative processes may be reduced after PETAGILE supplementation and, as a consequence, an improvement in cartilage structure could be determined.
Conclusions
The effectiveness of PETAGILE is clearly demonstrated in primary canine chondrocytes as shown by a statistically significant stimulation of the extracellular cartilage matrix synthesis and the decreased expression of inflammatory cytokines and matrix metalloproteases.
Osteoarthritic dogs benefit from PETAGILE administration, as the decrease in lameness and increased vitality illustrates. The data suggest that specific collagen peptides can improve cartilage extracellular matrix structure, as demonstrated by the positive impact of the cartilage-related plasma biomarkers as well as by the stimulated biosynthesis of matrix molecules in canine chondrocytes.
The beneficial effect of PETAGILE with respect to degenerative processes in cartilage was moreover demonstrated by a decrease in MMP-3 content and by a concurrent increased level of TIMP-1 in the plasma samples of the case subjects.
Although the current results confirm the anti-inflammatory effects and protection against degenerative processes of collagen peptides for the treatment of osteoarthritis in dogs, the stimulation of the cartilage matrix synthesis seems to be even more important in the treatment of osteoarthritis, as illustrated by the increased synthesis of collagen type II (+7.5%), aggrecan (+5.5%), and elastin (6.3%) in canine chondrocytes.
The current investigation demonstrated the positive impact of the specific collagen peptides PETAGILE on osteoarthritis in dogs and suggests a possible mode of action.
On the basis of these results, a randomized, double-blind and placebo-controlled clinical study is currently planned to confirm the efficacy of PETAGILE for the treatment of osteoarthritic dogs.
